al. 7) evaluated the health status of healthcare workers who received health checkups for fasting plasma glucose, cholesterol levels, triglyceride levels, and blood pressure, and found that metabolic derangements are the most important health problems for healthcare workers. Other studies have also reported a high prevalence of hypertension in hospital employees 8, 9) . However, only a small number of studies have compared cardiovascular risk factors between various groups of healthcare workers who might experience different work-related hazards on their jobs.
Since the launch of the National Health Insurance (NHI) program in 1994, the health services industry in Taiwan has dramatically changed. The implementation of universal health insurance has removed barriers to health care for those newly insured, enabling them to have more-equal access to health care. By the end of 2003, more than 98% of the Taiwanese people were covered by the insurance program. The average number of outpatient visits per person increased from 7.89 in 1992 to 11.46 in 2003 10) . These figures suggest a high and increasing workload for healthcare personnel in Taiwan. Two recent publications 11, 12) investigated the respective risk of hospitalization and ambulatory care visits for physicians and nursing staffs in Taiwan. The study by Huang et al. 11) noted that nursing staffs had a significantly increased risk of circulatory disease (Adjusted relative risk=1.14 (95% CI=1.11-1.16), as compared to the other female medical personnel. The study by Lin et al. 12) also reported higher risks of certain diseases in physicians than in nurses and other medical personnel. Although we do not have specific information regarding the psychosocial factors for each study group, findings from the above two studies may imply differential cardiovascular risk factors among healthcare workers in Taiwan. The primary aim of this study was to evaluate the frequency distribution of cardiovascular risk factors among four groups of hospital employees (physicians, nursing staff, medical technicians, and non-medical workers) recruited from a general hospital in northern Taiwan.
Subjects and Methods

Study subjects
We contacted all 2,213 employees 30 yr of age and older employed by a hospital in northern Taiwan. Two thousand thirty-four subjects (91.9%) agreed to participate in the study and underwent physical examinations and laboratory testing in December 2003, which was a part of the annual employee medical check-up program. The research proposal and access to the research data were approved by the Ethics Review Committee of the participating hospital; all study subjects were fully informed of the purpose of the study prior to enrollment. According to the professional registered license, we classified these employees into three healthcare worker groups (i.e., 456 physicians, 816 nursing staff, and 160 medical technicians) and a group of non-medical workers (602 non-medical staff and support personnel). The medical technicians group included non-physician/nurse caregivers, dietitians/nutritionists, respiratory therapists, occupational therapists, radiologic technologists, and medical technologists. Unlike healthcare workers who perform medically-related duties in a hospital, those non-medical workers handle such duties as patient registration, transportation support, housekeeping, engineering, and administrative affairs. The average length of employment for physicians, nurses, medical technicians, and non-medical workers was 16.4, 16.0, 21.2, and 15.9 yr, respectively.
Cardiovascular risk factors
Cardiovascular risk factors were evaluated by examining a subject's body-mass index (BMI), calculated as the ratio of body weight (kg) to height squared (m 2 ), various blood biochemistry parameters, and systolic/diastolic pressures. Personal demographic characteristics included gender and age (< 40, 40-49, and ≥ 50 yr). According to the criteria of the Department of Health in Taiwan 13) , the BMI was divided into 3 subgroups: obese (BMI ≥ 27), overweight (24 ≤ BMI < 27), and normal (BMI < 24). Blood biochemistry parameters were determined for each study subject who had fasted at least eight hours prior to providing a blood sample and all clinical tests were run in an accredited laboratory of the participating hospital. The blood pressure was measured using an auscultatory method. Blood biochemical cardiovascular risk factors, including serum cholesterol, triglycerides, and plasma glucose were determined with a spectrophotometric autoanalyzer (Hitachi 7600 Modular, Japan), and blood pressures were measured using a stethoscope and a sphygmomanometer. The cut-off values for designating abnormalities were set in this study at ≥240 mg/dl for serum cholesterol, ≥200 mg/dl for triglycerides, ≥126 mg/dl for plasma glucose, and ≥140/90 mmHg for blood pressure. The selection of these cut-off points was based on the report from a nationwide survey of hypertension, hyperglycemia, and hyperlipidemia 14) . These cut-off points were considered relatively less strict as compared to those usually used in epidemiologic surveys 15) . We used "relatively less strict" criteria in identifying those who are at a higher risk of cardiovascular disease in order to minimize the false negative likelihood of case identification, which is usually suggested from a prevention point of view.
Statistical analysis
Pearson's χ 2 test was used to test the differences in fre-quency distribution of gender, age, BMI, and abnormal blood biochemical parameters among the various job groups. We also compared, using one-way analysis of variance (ANOVA), the average blood biochemical parameters and blood pressure between study subjects at different BMI levels (i.e., <24, 24-26, and ≥27 kg/m 2 ). Such comparisons were performed according to gender and age groups, and the Scheffe's method for post hoc comparisons was further applied for any significant findings.
With non-medical workers as a reference, the relative risk of having cardiovascular risk factors for the 3 groups of healthcare workers were estimated by the adjusted odds ratio (OR), which was calculated from the regression coefficients of multivariate logistic regression models after adjusting for age, gender, and BMI. The Statistical Package for the Social Sciences, version 10.0 (SPSS; Chicago, IL, USA), was used for statistical analyses. A p value of 0.05 or less was considered statistically significant. Table 1 shows that the frequency distributions of age, gender, and each of the five CVD risk factors were all statistically significant between the four job groups. Females outnumbered males in all job groups, except physicians. Except for medical technicians, workers <40 yr of age dominated the other three job groups.
Results
While non-medical workers had the highest prevalence of obesity (21.9%), the medical technicians had the highest prevalence of all other cardiovascular risk factors.
Analysis of the distribution of number of cardiovascular risk factor for each occupational group indicated that the prevalence of cardiovascular risk factor was less prevalent in nursing staff than in other healthcare workers. Some 32.1% of nursing staff suffered from at least one cardiovascular risk factor, while the corresponding figures for the other three groups were very similar, ranging from 55.5% for physicians to 56.6% for non-medical workers. Additionally, 8.8% of medical technicians had three or more cardiovascular risk factors, and the corresponding figures for physicians, nursing staff, and nonmedical workers were 2.8%, 1.7%, and 5.7%. Table 2 shows the gender-and age-specific relationship between BMI and various cardiovascular risk factors. The gender-specific relationship between BMI and the mean values of various cardiovascular risk factors exhibited different patterns. In males, significant increases in mean serum triglycerides and diastolic blood pressure were found in obese (BMI ≥ 27) workers, but such associations were attenuated by older age. On the other hand, the mean values of serum triglycerides, plasma glucose, and blood pressure of female workers were significantly associated with obesity, irrespective of age. Additionally, higher levels of cardiovascular risk factors existed in younger females (< 40 yr of age) who were overweight (24 ≤ BMI < 27). The ORs of cardiovascular risk factors associated with healthcare workers are listed in Table 3 . The only significant finding is that medical technicians showed a 74% increase in the OR of hypertension compared to non-medical workers when adjusted for gender, age, and BMI. Medical technicians also had an elevated OR of abnormal serum cholesterol, triglycerides, and plasma glucose; however, these increased ORs did not reach statistical significance. Non-significantly increased ORs of elevated blood pressure were observed for both physicians and nursing staff. On the other hand, lower, but non-significant, abnormal serum cholesterol and triglyceride levels existed in physicians and nursing staff, as well as plasma glucose levels in physicians. We further performed sexstratified analyses of the relationships between job title and risk of various cardiovascular risk factors. The only significant findings were that as compared to non-medical workers both male nurses (OR=2.93) and male medical technicians (OR=2.56) were vulnerable to suffer from hypertension, as well as male nurses (OR=5.59) from high plasma glucose (data not shown).
Discussion
Our study noted an increased odds ratio of hypertension among medical technicians as compared to non-medical workers and suggested that this occupational group may be at an increased risk of developing CVD. It is not known, however, if certain work-related hazards or lifestyles are responsible for such an increased prevalence of hypertension as medical technicians. Our findings are consistent with the results from a previous hospital-based study by Mion et al. 10) , who found that healthcare workers, other than physicians and nursing staff, had a higher prevalence of hypertension due to certain occupational exposures. Moreover, ambulance workers were also observed to exhibit higher physiologic stress (e.g., an elevated heart rate and blood pressure) than the general population 16) , and had a higher risk of dying from ischemic heart disease 9) . Similar to our findings, Fanghänel-Salmón et al. 7) also reported that Mexican hospital staff had a higher prevalence of hyperlipidemia, hypertension, and diabetes mellitus (DM) than the general population.
As a risk factor for CVD, hypertension plays an important role in causing chronic conditions such as cerebrovascular and coronary artery diseases. Moreover, hypertension usually occurs together with dyslipidemia, obesity, and impaired glucose tolerance as a cluster of symptoms suggesting metabolic derangement [17] [18] [19] . According to a community survey, 30-40% of individuals tend to ignore their hypertensive conditions 20) . A similar percentage of those not having awareness of hypertension was also observed in a sample from a university 10) . Our data showed that 10.9% of physicians and 6.1% of nurses were hypertensive. Although we did not analyze whether or not the healthcare workers regularly checked their blood pressure, we suspected that some healthcare workers were unaware that they had hypertension. Therefore, regular check-up of blood pressure should be enforced in healthcare workers in order to identify individuals who have a higher risk of developing CVD and metabolic syndrome. There is a very close association of the number of risk factors, including central obesity, hypertension, insulin resistance, and dyslipidemia, with the risk of developing CVD 21) . This study showed that certain healthcare workers suffered from one or more cardiovascular risk factors which may increase the risk of CVD. This could be due to exposure of these healthcare workers to certain workrelated factors, such as long hours, work shifts, and stress 5) . Job stress has been recognized as a risk factor for a number of adverse health outcomes, mainly CVDs 22) . Additionally, several Japanese studies have suggested that working overtime is a risk factor for acute myocardial infarction 23) and hypertension 24) . Belkic et al. 25) showed that work stress can interfere with the neuroendocrine system and result in sympathetic nervous system hyperreactivity. Another study also reported the adverse effect of work shift on the risk of CVD 26) and fatigue 27) . A recent Taiwanese study on employees' health at a medical center also reported that both physicians and nurses apparently had a lower health-related quality of life as compared to other health personnel 2) . In this study, we observed a high prevalence (i.e., 16.8%) of hypertension among medical technicians as compared to other healthcare workers. Whether such adverse health outcomes can be attributable to work stress or job arrange- 28) . Our findings also suggested that the association of overweight or obese with the cardiovascular risk factors were dependent on gender and age. Overweight or obese female healthcare workers have a higher prevalence of cardiovascular risk factors than overweight or obese male healthcare workers. Additionally, the effect-modification by age on the relationship between overweight or obese and cardiovascular risk factors prevalence was less apparent in female healthcare workers than in male workers. Therefore, body weight control seems even more crucial for female healthcare workers to further lower the prevalence of cardiovascular risk factors.
Like a previous community survey conducted in Taiwan 32) , the present study showed that physicians and nurses had a lower prevalence of abnormal plasma glucose, triglyceride, and cholesterol levels than other hospital workers. The better health status of physicians has been consistently reported in a number of previous studies. A Norwegian study reported that the self-perceived health status of physicians was as good as or better than that of the general population 33) . Additionally, Carpenter et al. 34) concluded that hospital consultants who were composed mostly of physicians had low death rates, which was substantially attributable to a low prevalence rate of smoking, and to a lesser extent, by other beneficial health-related behaviors; better access to health care also played a role 34) . Findings from the above studies also suggest that physicians have better health consciousness and frequently are early adopters of healthy behaviors based on their knowledge and economic resources. These reasons may be able to explain our observation that physicians and nurses were not at a significantly increased risk of hypertension.
Our study did not compare our study subjects with other occupational groups, so we were unable to determine whether the frequency distributions of cardiovascular risk factors in healthcare workers differed from those of other occupational groups. Due to the lack of comparison of study populations, comparisons between our findings and the results from other community studies should proceed with caution. Moreover, interpretations of the positive results noted in our study should also be viewed with caution as possibility of chance finding resulting from multiple hypothesis testing can not be excluded. Additionally, several methodologic concerns should be addressed. First, the cross-sectional design of this study did not allow us to determine the temporal relationship between job group and the risk of having cardiovascular risk factors. In other words, whether the study subjects had pre-existing cardiovascular risk factors prior to becoming healthcare workers is not known. Second, we had no information on the study subjects' prior histories of hypertension, diabetes, or hyperlipidemia, thus we could not make specific interpretations of the study results because certain medications were likely to be used by the patients with co-morbidities which could have biased the results. Third, the current analysis was based on a sample at one single hospital. Although it is not uncommon that many studies draw their conclusions from arbitrarily selected samples, a potentially non-representative sample might have limited the ability to generalize the study findings. Fourth, CVD may involve many biomedical risk factors, and psychosocial influences by work-related factors are only a part of these factors 32) . No data of other well-known risk factors for CVD, such as smoking, alcohol, diet, and exercise were available in this study, which could also have confounded our observations. A census in 2006 showed that approximately 7% of healthcare and social workers in Taiwan are smokers 33) , and thus the rate of smoking among healthcare workers is considered low.
Despite the above methodological concerns, our study has made the following contributions. Our analysis was based on the health check-up data, which can be very useful in assessing cardiovascular risk factors among hospital workers since they are obtained from standardized laboratory data. A potentially serious misclassification bias could happen if the cardiovascular risk factor information is collected through interviewing healthcare workers. This is due to the fact that a number of previous studies consistently reported that healthcare workers tend to feel embarrassed in reporting their diseases or adverse lifestyles. Nonetheless, the study still suggests that the longitudinal check-up data should be collected and analyzed regularly to enhance the usability of check-up examination on detecting high-risk occupational groups.
Conclusions
This study found a close relationship between overweight or obesity and prevalence of cardiovascular risk factors. Such a relationship can be modified by age, especially in males. This study also noted that hypertension was more prevalent in medical technicians than in other hospital workers, suggesting a need of effective health promotion programs to reduce the risk of hypertension for medical technicians.
Further investigations should explore the specific hazards, either work-or lifestylerelated, that may contribute to an increased frequency distribution of cardiovascular risk factors among healthcare workers in order to take appropriate preventive measures whenever needed and improve the health of healthcare workers.
